The concept of ecosystem services (ES) neatly encapsulates the ways in which 5 human society depends upon the existence and functioning of nature, but also draws 6 power by chiming with dominant neoliberal ideology. Scientific paradigms such as 7 this have an inherent tendency to stop adherents from recognising alternative 8 approaches. It is high time to examine whether the concept is being oversold with 9 potentially damaging consequences. Many authors have questioned the monetisation 10 of ES, but the origin of the problem lies deeper in anthropocentrism. By illustration 11 with alternatives, I attempt to show how the ES paradigm has constrained thought, 12 particularly towards the monetisation and financialisation of nature, even when many 13 ecologists and others oppose this trend. 14 From metaphor to tradable commodity 15 Since 2005 when ecosystem services were given prominence in the Millennium Ecosystem 16 Assessment [1], the concept has become the dominant paradigm framing research and 17 policy making in biodiversity, ecology and conservation biology. At the same time, major 18 nature conservation organizations have refocused their missions towards the needs of 19 humans [2] and 'Nature' has now been redefined as 'Natural Capital' [3]. Scientific concepts 20 change over time and it is instructive to look back at how 'ecosystem services' developed 21 from Arthur Tansley's original idea of the 'ecosystem'. Tansley's 1935 paper [4] provided us 22
economics. Classical economists recognised nature as a source of use value, but attributed 26 the exchange value belonging, for example, to a stand of trees as deriving from the 27 ownership of the land on which the trees stood or to the labour involved in turning them into 28 merchantable timber, not directly to the trees themselves [5] . In the same the vein, when the 29 term 'ecosystem services' was first employed for pedagogical purposes in the ecological 30 literature of the 1980s, it was usually as a metaphor for the use value of nature. Valuing 31 nature does not necessarily mean monetising it, but it seems that the two are hard to 32 separate. Attempts had already been made in previous decades to place a monetary value 33 on "nature's services" [6] , for example in order to estimate the external cost of damage done 34 by pollution [7] . 35 Table 1 here 36
The transformation of ecosystem services into exchange values, which has now reached 37 industrial proportions, continues to be motivated by the idea that nature will benefit if the 38 external costs of actions that exploit or damage ecosystems are made explicit [8] . Nature will 39 then 1) be preserved on account of its recognised true exchange value, 2) gain if the higher 40 price in the market caused by including external costs reduces demand for the damaging 41 activity and/or 3) be compensated to restore damage. This is the logic variously behind the 42 Payment for Ecosystem Services programme of the Global Environment Facility [9], carbon 43 and emissions trading [10] , and the REDD+ programme (Reducing Emissions from 44
Deforestation and Degradation) [11] . Once markets in a commodity exist, it is but a small 45 and seemingly inevitable step to financialisation (Table 1) , in which derivatives of the 46 underlying ecosystem services become tradeable assets. 47 published a dollar estimate of the value of the ecosystem services of the entire planet (Table  50 2). Clearly anticipating that the validity of the exercise would be challenged, the authors 51 contended that "although ecosystem valuation is certainly difficult and fraught with 52 uncertainties, one choice we do not have is whether or not to do it." This explicit statement 53 illustrates how the Monetised Ecosystem Services (MES) paradigm seeks to define the 54 legitimate boundaries of thought. Although Costanza et al. were heavily criticised and even 55 derided [13] , the paper went on to be cited more than 4,000 times and the global estimate 56 was updated and the imperative to monetise was reiterated by Costanza et al. in 2014 [14] . 57
Alternatives

58
Contrary to the claim that there is no choice about how we define nature, there are clear 59 alternatives to each one of the conceptual developments that has taken place, from 60
Tansley's initial abstraction to the current trend of financialisation (Table 1) . Whether one 61 believes that any of these conceptual developments is right or wrong, it is important to 62 appreciate that all have involved choices that have, often invisibly, shaped our thinking about 63 nature. 64
In his book What Money Can't Buy [15] , political scientist and philosoper Michael Sandel 65 argues that society can and does choose not to place a price on certain things and that it is 66 morally right to reject market valuation in a range of important cases. For example, people 67 are not allowed to sell their organs or their children. These have an intrinsic value that is 68 beyond price. Sandel discusses how the political dominance of neoliberalism -the 69 philosophy that seeks the de-regulation of markets and the privatisation of all possible goods 70 and services -has caused market concepts and practices to enter more and more areas 71
where once they were absent or even anathema. He argues that markets degrade certain 72 goods and practices by turning them into commodities. For example, the possibility that 73 nature has intrinsic, existential value of its own that is independent of its use to humans 74 cannot be accommodated by the market since nature itself is not an actor in that market. 75
Ecological economists can go to great, one might even think absurd, lengths to try to make 79 the invisible visible (See Box: Make-believe markets). Biodiversity and ecological complexity 80 can easily become casualties of the market's need for a single number that represents 81 value. In 2012, one of the lead authors of the Millennium Ecosystem Assessment 82 complained in an article in this journal that the role of species in supplying the services that 83 ecosystems provide was being obscured by a confusion between biodiversity and 84 ecosystem services. Mace et al. [17] wrote that "In some cases, the two terms (biodiversity 85 and ecosystem services) are used almost synonymously, implying that they are effectively 86 the same thing and that if ecosystem services are managed well, biodiversity will be retained 87 and vice versa." Addressing the same issue, Peterson et al. [18] argue that obscuring the 88 role of the biota in ecosystems is a direct consequence of replacing the concept of 89 ecosystem function with that of ecosystem services. 90
Sandel [15] demonstrates that the decision to attach a price to something is ultimately a 91 moral choice, not a scientific, logical or even economic imperative. This is of course at 92 variance with the MES paradigm that insists that we have no such choice [12] . The issue of 93 whether monetisation is essential or not defines two different approaches to ecosystem 94 services. On the one hand where monetisation is optional, it is used mainly as a metaphor, 95 while on the other monetisation is the very purpose of redefining ecosystem functions as 96 ecosystem services. If we folllow Sandel's argument that monetisation is an option not an 97 imperative, we can then ask when it is appropriate to monetise and then use the approach 98 pragmatically [19] . 99 However, the evidence is that markets and illegal activity are bedfellows and that even when 143 operating within the law, large corporations rig markets for their own benefit [10]. Since 144 2008, it has become clear that the financial markets are not immune to illegal and risky 145 behaviour on a scale that has threatened the stability of the entire global economy. Is it wise 146 to stake the survival of 30,000 species on a bet that they can be saved by the market, legal 147 or otherwise? 148 Indeed, even within the MES paradigm itself it is recognised that speculators could profit 149 from the increasing rarity of valuable species as this would increase their price in the market 150
Do markets actually protect biodiversity and ecosystem function?
[32]. There is a market in extinction. This has already brought Bluefin Tuna and Black Rhino 151 to the brink and is possibly doing so now for African Elephants. Ultimately, if there is a 152 market for a species, or if it occupies habitat where the land would be more valuable housing 153 people or corporations, then market efficiency can dictate its extinction [33] . From a MES 154 perspective, the logical answer to this situation would be for those who want to save 155 threatened species to put their money where their mouths are and outbid the threat -156 effectively paying for the preservation of the desired ecosystem service (PES). This does 157 occur when land for nature conservation is bought on the open market, but it happens out of necessity and it is a tactic, not a sustainable global strategy. If it were to become a strategy, 159
we should have to accept that nature is a private resource and not a public good and that we 160 can only have the nature that we can personally afford. As ever with markets, the poor will 161 be further impoverished [34] . 162
There is another important difference between one-off tactical purchases of habitat to protect 163 ES and strategic MES. Tactical purchases, for example to add land to a national park or 164 protected area, can achieve permanent protection against present and future threats. In 165 contrast, strategic MES can achieve short-term protection, but also exposes biodiversity and 166 The widely-made assumption that monetisation and markets benefit biodiversity and ES has 200 not been systematically tested against the evidence. I suggest that this fundamental tenet 201 has remained untested because the MES paradigm holds that there is no alternative to 202 monetising the value of nature [12, 14] . While this situation persists, the MES paradigm will 203 remain immune to refutation and hence open to the charge that it is propaganda and not 204 science. 205
The strong claim that we are compelled to put a monetary value upon ecosystem services 206
[12] can and should be rejected along with the whole apparatus of make-believe markets 207 (Box.1). If we choose to take the position, which is shared by many people, that some things 208 in nature are without price, then it is possible to use the concept of ecosystem services in a 209 more nuanced way to build upon the moral case for biodiversity conservation and not to 210 displace or devalue it by monetisation [42] . Two recent surveys of the opinions of professional conservationists towards ES monetisation and the market reported that most of 212 them, including MES sceptics, were pragmatic about its use [43, 45] . From this perspective, 213 there will be occasions when it is valid and useful to calculate the monetary value of a 214 particular ecosystem service, but even in these cases it will be important to recognise that 215 such valuation is contingent on market conditions. Such decisions need to be made 216 democratically and should not be obscured by false quantification of value in markets that 217 are at best fickle and at worst corrupt. 218 Non-use value The value of an item attributed to its existence, not to its use. E.g. the 364 aesthetic pleasure given by wild birds. cf. Use value 365
Payment for Ecosystem Services (PES)
A policy instrument that seeks to influence the 366 supply of ecosystem services by payments from the beneficiaries to those controlling the 367 supply. 368
Public goods Goods that are free to all and that can be consumed without reducing their 369 benefit to others. For example, clean air and public sanitation. 370
Revealed Preference An indirect method of estimating the monetary value of an ecosystem 371 service (e.g. woodland amenity) based upon how much people spend to access or travel to 372 the site. Note that this method gives higher amenity value to a visitor who travels by car than 373 someone who travels on foot or by bicycle, even though the former involves the least effort 374 and is the most environmentally damaging. 375
Use value
The qualitative value of an item due to its usefulness, as distinct from its 376 monetary value in a free market. cf. exchange value. 377 378 A fundamental problem with ES monetisation is that there are no markets for many of the goods 395 and services that ecosystems provide. The MES paradigm has essentially three solutions to 396 this: 1. Invent a market, for example in carbon credits (licences to pollute), 2. Pretend there is a 397 market and ask people how they would value ES in hypothetical situations (the Contingent 398 Valuation method) and 3. Use a surrogate to value ES, for example the total cost to visitors of 399 travelling by car to a natural area as the recreation value of that area (the Revealed Preference 400 method). A significant portion of the literature on the valuation of ecosystem services is devoted 401 to the technical issues that arise in make-believe markets [49] . 402 Contingent Valuation (CV) is a method that has been widely used for decades, but its results 403 are particularly subjective. The response of someone asked a typical survey question such as 404 "How much would you be willing to pay towards a project that will increase the number of Red 405 Kites in Scotland from 59 now to 200 in ten years time", not surprisingly depends upon how 406 much time they are given to think about it [50] . It will also depend upon their disposable income 407 and whether they can suspend disbelief in the fiction that has been presented to them. More 408 than half the people interviewed in an Australian CV study said that they would not be willing to 409 pay anything at all towards the protection of endangered birds, even though over 80% said they 410 would be upset if a bird went extinct [51] . 411 Such differences between people's feelings about extinction when expressed in monetary and 412 non-monetary ways shows just how misleading ES monetisation can be. Far from protecting 413 species by valuing them as is claimed, MES weakens the case for protection because it ignores 414 the moral feeling people have against extinction unless they are rich and/or compliant enough to 415 place a price upon this. A study that interviewed participants in a CV exercise after the survey 416 had taken place found that respondents had a much more sophisticated and multi-dimensional 417 sense of the value of nature than the Willingness-to-Pay questions that they were asked allowed
